The effects of graded increments of passive head-up tilt on the duration of the systolic time intervals corrected for heart rate were investigated in 15 normal subjects. Head-up tilt caused a prolongation of the pre-ejection period and a shortening of the left ventricular ejection time, while total electromechanical systole diminished minimally. Left ventricular ejection time effects of graded increments of head-up tilt on heart rate, arterial pressure, and the time intervals of left ventricular systole. In addition, the circulatory changes produced by head-up tilt were compared with those resulting from the application of venous occlusive tourniquets.
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Methods
As described previously,14 the systolic time intervals were measured from simultaneous, fastspeed (100 mm per second) recordings of the electrocardiogram, phonocardiogram, and carotid arterial pulse tracing. Total electromechanical systole (QS2) was measured from the onset of ventricular depolarization to the initial high frequency vibrations of the second heart sound. The left ventricular ejection time (LVET) was measured from the onset of the carotid upstroke to the trough of its incisura. The left ventricular pre-ejection period (PEP) was derived by subtracting the left ventricular ejection time from total electromechanical systole. The intervals were calculated as the mean of measurements of at least 10 consecutive beats, each read to the nearest 5 msec. When sinus arrhythmia caused heart rate to vary more than 10 beats per minute, 20 consecutive beats were analyzed. Heart rate (HR) was determined by dividing th R interval into 60. Figure 1 shows si the relation of the measured systolic ti to the cardiac cycle.
Total electromechanical systole a; ventricular ejection time are inversel heart rate; the pre-ejection period i affected by heart rate. The followin equations,5 derived from data previou in 211 normal subjects, were Figure 2 Mean changes in the systolic time intervals and heart rate produced by head-up tilt in 15 normal subjects.
The values for the systolic time intervair represent difference in deviation from the normal regression equation for heart rate before and after tilt. Above 15 degrees of head-up tilt, all changes in the systolic time intervals were significant (APEP, ALVET, P < 0.001, AQS2 <0.05). Heart rate changes were significant beyond 25 degrees (P < 0.001).
diastolic arterial pressure increased significantly above the control value at all angles of tilt above 10 degrees (P < 0.01).
Venous Occlusive Cuffs
In five normal supine male subjects, the application of venous occlusive tourniquets increased the heart rate from 54 (SE 6.8) Patients with congestive heart failure who are studied in the supine position have systolic time intervals resembling those observed in normal subjects during head-up tilt: a long pre-ejection period, short left ventricular ejection time, and little change in total electromechanical systole.4'5 In heart failure the long pre-ejection period and short ejection time are well correlated with the reduced stroke volume and cardiac output.4' 5 The two groups, patients in heart failure and normal subjects in the upright posture, differ markedly in their left ventricular end-diastolic volumes. These are large in patients with left ventricular failure32 and small in normal subjects undergoing upright tilt.20 Both in the supine patients with left ventricular failure and normal subjects during head-up tilt, the long pre-ejection period probably reflects a slower rise of left ventricular pressure during isovolumic contraction. In heart failure, it is the depressed myocardial function33 34 that slows the rise of isovolumic pressure. In normal subjects during tilt, myocardial function is unimpaired, and it is the reduction in left ventricular end-diastolic volume and myocardial fiber length that most probably results in the slower rise of isovolumic pressure.35 36 In both groups of subjects the shorter ejection time is associated with a reduction in stroke volume. The mechanism of shortening in the ejection time may be viewed in several ways. The shortened ejection time may simply reflect the reduction of stroke volume caused by either depressed ventricular function in heart failure or diminished enddiastolic volume during head-up tilt in normal subjects. On the other hand, the delay in aortic valve opening caused by the slower isovolumic rise of left ventricular pressure, at a time when total systole fails to lengthen, can explain the diminished duration of ejection in both heart failure and during head-up tilt.
When considered relative to the contractile properties of the myocardium, it is probable that in both hemodynamic states (heart failure and head-up tilt) the stroke volume and systolic temporal responses are but differing hemodynamic reflections of a common dynamic change in the myocardium, that of a decreased rate of developed force or myocardial contraction, or both, during the pre-ejection and ejection phases of the cardiac cycle. These changes are the result of depressed cardiac function in heart failure and diminished end-diastolic fiber length in the upright posture.
In our three patients with severe heart failure, head-up tilt failed to change the systolic time intervals, heart rate, or arterial pressure. This absence of postural responses is consistent with previous demonstrations that during upright tilt patients with heart failure or pulmonary congestion due to mitral valve disease fail to lower their right ventricular end-diastolic volume, cardiac output, and stroke volume.'1' 37,38 The inability of upright tilt to alter the systolic time intervals in patients with congestive failure may, in part, reflect the antigravitational effects of hypervolemia, elevated tissue pressure, and increased venomotor tone. By minimizing the shift of blood away from the central circulation, these extracardiac concomitants of heart failure may prevent the usual hemodynamic effects of gravitational stress. In support of this hypothesis is the observation that diuresis restored the responsiveness to head-up tilt in two of the patients with heart failure. Current aerospace and deep-sea explorations have heightened the need to develop practical and effective noninvasive methods for monitoring circulatory changes in man. In the present study, the gravitational stress induced by head-up tilt was clearly shown to affect left ventricular performance. 
